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METHOD OF MANUFACTURING NAND 
FLASH MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates, in general, to NAND ?ash memory 

devices and, more particularly, to a method of manufacturing 
a NAND ?ash memory device, Wherein an electrical interfer 
ence phenomenon occurring betWeen cells can be reduced by 
reducing the area of a ?oating gate. 

2. Related Technology 
In the manufacture of NAND ?ash memory, a space in 

Which a unit active region and a unit ?eld region Will be 
formed is decreased in siZe due to higher integration of 
devices. For this reason, a dielectric layer and a control gate as 
Well as a ?oating gate are formed Within a narroW active 
space. Accordingly, an interference phenomenon becomes 
problematic due to the narroW gap betWeen the gates. 

FIG. 1 is a perspective vieW illustrating a knoWn general 
method of manufacturing a NAND ?ash memory device 
employing Self-Aligned ShalloW Trench Isolation (ST-STI). 
FIG. 1 is shoWn to describe an electrical interference phe 
nomenon betWeen cells. 

Referring to FIG. 1, a tunnel oxide layer 11 and a ?rst 
polysilicon layer 12 are sequentially formed on a semicon 
ductor substrate 10. The ?rst polysilicon layer 12 and the 
tunnel oxide layer 11 are selectively etched by an etch process 
using an isolation mask. The semiconductor substrate 10 is 
etched using the selectively etched ?rst polysilicon layer 12 
as a mask, thus forming trenches. 
An insulating layer, such as a High Density Plasma (HDP) 

oxide layer, is then formed on the entire surface so that the 
trenches are gap-?lled. The insulating layer is polished (for 
example, by Chemical Mechanical Polishing (CMP)) so that 
a top surface of the ?rst polysilicon layer 12 is exposed, thus 
forming isolation layers 13 Within the trenches. A second 
polysilicon layer 14 is formed on the entire surface. The 
second polysilicon layer 14 is etched using a mask, forming a 
?oating gate including the ?rst polysilicon layer 12 and the 
second polysilicon layer 14. A dielectric layer 15 and a con 
ductive layer 16 for a control gate are formed on the entire 
surface. 

If the ?oating gate is formed by the above method, the 
Width of the isolation layer is narroWed due to high device 
integration. Accordingly, a distance betWeen neighboring 
?oating gate is reduced and, therefore, an interference phe 
nomenon occurs betWeen the neighboring ?oating gates. The 
interference phenomenon betWeen the neighboring ?oating 
gates is generated because an HDP oxide layer near a tunnel 
oxide layer serves as a dielectric material. Such a phenom 
enon can be prevented by etching the top surface of the 
isolation layer up to a region beloW the tunnel oxide layer and 
then gap-?lling the polysilicon layer for the control gate up to 
a region beloW the tunnel oxide layer. 

If the height of the ?oating gate is reduced, hoWever, the 
interference phenomenon betWeen the gates is reduced, but 
the coupling ratio and the program speed of a cell are 
decreased. 

FIG. 2 is a graph illustrating program threshold voltages Vt 
and interference threshold voltage (Vt) shift values depend 
ing on the miniaturization of a device. 

In FIG. 2, a curve “a” is a graph indicating an interference 
threshold voltage (Vt) shift value of a cell depending on each 
device, and curve “b” is a graph indicating a program thresh 
old voltage (Vt) value depending on each device. From the 
curves “a” and “b,” it can be seen that as the device shrinks, 
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2 
the interference threshold voltage (Vt) shift value increases 
but the program threshold voltage (Vt) value decreases, and in 
the devices of 60 nm or less, both the program threshold 
voltage (Vt) value and the interference threshold voltage (Vt) 
shift value exceed a limit value of the devices. 

SUMMARY OF THE INVENTION 

Accordingly, the invention addresses the above problems, 
and provides a method of manufacturing a NAND ?ash 
memory device, Wherein an electrical interference phenom 
enon occurring betWeen cells can be reduced by reducing the 
area of the ?oating gate. 

According to one aspect, the invention provides a method 
of manufacturing a NAND ?ash memory device, including 
the steps of forming isolation layers in a semiconductor sub 
strate, making an upper side of each of the isolation layers has 
a negative pro?le, forming a polysilicon layer on the entire 
surface, Wherein a seam is formed Within the polysilicon layer 
due to the negative pro?le, and performing a post annealing 
process, thus making the seam to a void. 

According to another aspect, the invention provides a 
method of manufacturing a NAND ?ash memory device, 
including the steps of sequentially laminating a tunnel oxide 
layer, a ?rst polysilicon layer, a buffer oxide layer and a 
nitride layer on a semiconductor substrate, and etching por 
tions of the tunnel oxide layer, the ?rst polysilicon layer, the 
buffer oxide layer, the nitride layer and the semiconductor 
substrate, thus forming trenches, Wherein a side of the nitride 
layer has a slope; forming an insulating layer Within the 
trenches, forming isolation layers Within the trenches; 
sequentially stripping the exposed nitride layer and buffer 
oxide layer so that an upper side of each of the isolation layer 
has a negative pro?le due to the slope; forming a second 
polysilicon layer on the entire surface, Wherein a seam is 
formed Within the second polysilicon layer due to the nega 
tive pro?le; performing a post annealing process, thus making 
the seam void; performing a polishing process until the top 
surfaces of the isolation layers are exposed, and stripping a 
portion of the top surfaces of the isolation layers; and sequen 
tially forming a dielectric layer and a third polysilicon layer 
on the entire surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a NAND ?ash memory 
device for illustrating a conventional method of manufactur 
ing the device; 

FIG. 2 is a graph illustrating program threshold voltages Vt 
and interference threshold voltage (Vt) shift values depend 
ing on the miniaturization of a device; and 

FIGS. 3A to 3F are cross-sectional vieWs illustrating a 
method of manufacturing a NAND ?ash memory device 
according to an embodiment of the invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Speci?c embodiments according to the invention are 
described beloW With reference to the accompanying draW 
ings. 

FIGS. 3A to 3E are cross-sectional vieWs illustrating a 
method of manufacturing a NAND ?ash memory device 
according to an embodiment of the invention. A Self-Aligned 
ShalloW Trench Isolation (SA-STI) structure to Which a Self 
Aligned Floating Gate (SA-FG) scheme is applied is shoWn in 
FIG. 3. 
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Referring to FIG. 3A, a tunnel oxide layer 102, a ?rst 
polysilicon layer 104 for a ?oating gate, a buffer oxide layer 
106 and a nitride layer 108 are sequentially formed on a 
semiconductor substrate 100. The ?rst polysilicon layer 104 
is preferably formed to a thickness of 300 A to 500 A, the 
buffer oxide layer 106 is preferably formed to a thickness of 
30 A to 80 A, and the nitride layer 108 is preferably formed to 
a thickness of 600 A to 1200 A. 

Portions of the nitride layer 108, the buffer oxide layer 106, 
the ?rst polysilicon layer 104, the tunnel oxide layer 102 and 
the semiconductor substrate 100 are sequentially etched, 
preferably by photo and etch processes, thus forming 
trenches. At this time of the etch process, a slope c on the side 
of the nitride layer 108 is preferably set Within a range of 84 
degrees to 87 degrees. 
A sideWall oxide layer is formed Within the trenches. An 

insulating layer is formed on the entire surface so that the 
trenches are gap-?lled. The insulating layer is preferably 
formed of a HDP oxide layer. The insulating layer is then 
polished to expose a top surface of the nitride layer 108, thus 
forming isolation layers 110 Within the trenches. 

Referring to FIG. 3B, the nitride layer 108 is stripped, 
preferably in a hot phosphoric acid bath. During the strip 
process of the nitride layer 108, the ?rst polysilicon layer 104 
is not attached since the buffer oxide layer 106 is formed on 
the ?rst polysilicon layer 104. A nipple region on the isolation 
layers 110 has a negative slope. 

Referring to FIG. 3C, the buffer oxide layer 106 is stripped, 
preferably by a cleaning process. When the buffer oxide layer 
106 is stripped, a portion of the side of the isolation layer 110 
is also stripped. 

Referring to FIG. 3D, a second polysilicon layer 112 for a 
?oating gate is formed on the entire surface. During the for 
mation process of the second polysilicon layer, a seam 200 is 
generated betWeen the isolation layers 110 due to an isolation 
layer 110 having a negative slope. 

Referring to FIG. 3E, a post annealing process is per 
formed in order to make the seam 200 to void 300. The post 
annealing process is preferably performed under N2, vacuum, 
or H2 atmosphere at a temperature of 700° C. to 900° C. by 
using a Rapid Thermal Process (RTP) type or a fumace type 
process. 

Thereafter, a polishing process or an etch-back process is 
performed until top surfaces of the isolation layers 110 are 
exposed, so that the second polysilicon layers 112 are sepa 
rated from each other. The second polysilicon layer 112 pref 
erably has a thickness of 400 A to 800 A. 

Referring to FIG. 3F, top surfaces of the isolation layers 
110 are partially etched in order to control an Effective Field 
Height (EFH) of the isolation layers 110. The EFH preferably 
becomes 250 A to 450 A in thickness. A dielectric layer 114 
and a third polysilicon layer 116 for a control gate are sequen 
tially formed on the entire surface. 

If the ?oating gate is formed as described above, a void is 
generated at the center of the ?oating gate, Which reduces the 
area of the ?oating gate. Due to this, an electrical interference 
phenomenon betWeen cells is reduced, resulting in a loW 
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threshold voltage (Vt) shift value. Accordingly, in NAND 
?ash memory devices of 60 nm or less, multi-level cells can 
be implemented. 
As described above, the invention has the folloWing advan 

tages. 
First, a void is formed at the center of a ?oating gate and the 

area of the ?oating gate is reduced accordingly. It is therefore 
possible to reduce an electrical interference phenomenon 
betWeen cells. 

Second, since an electrical interference phenomenon 
betWeen cells is reduced, a threshold voltage (Vt) shift value 
can be loWered. 

Third, since an electrical interference phenomenon 
betWeen cells is reduced, multi-level cells can be imple 
mented in NAND ?ash memory devices of 60 nm or less. 

Although the foregoing description has been made With 
reference to various embodiments, changes and modi?ca 
tions may be made by those of ordinary skill in the art Without 
departing from the spirit and scope of the invention. 
What is claimed is: 
1. A method of manufacturing a NAND ?ash memory 

device, the method comprising: 
sequentially laminating a tunnel oxide layer, a ?rst poly 

silicon layer, a buffer oxide layer, and a nitride layer on 
a semiconductor substrate, and etching portions of the 
tunnel oxide layer, the ?rst polysilicon layer, the buffer 
oxide layer, the nitride layer, and the semiconductor 
substrate, thus forming trenches, Wherein a side of the 
nitride layer has a slope; 

forming an insulating layer Within the trenches, and form 
ing isolation layers Within the trenches; 

sequentially stripping the exposed nitride layer and buffer 
oxide layer so that an upper side of each of the isolation 
layer has a negative pro?le due to the slope; 

forming a second polysilicon layer on the entire surface, 
thereby forming a seam Within the second polysilicon 
layer due to the negative pro?le; 

performing a post annealing process, thereby making the 
seam into a void; 

performing a polishing process until the top surfaces of the 
isolation layers are exposed, and stripping a portion of 
the top surfaces of the isolation layers; and 

sequentially forming a dielectric layer and a third polysili 
con layer on the entire surface. 

2. The method of claim 1, Wherein the side of each of the 
isolation layers has a slope of 84 degrees to 87 degrees. 

3. The method of claim 1, comprising performing the post 
annealing process under N2, vacuum, or H2 atmosphere at a 
temperature of 7000 C. to 900° C. by using a Rapid Thermal 
Process (RTP) type or a fumace type process. 

4. The method of claim 1, comprising performing the pol 
ishing process using a Chemical-Mechanical Polishing pro 
cess or an etch-back process. 

5. The method of claim 1, Wherein at the time of the 
polishing process, the second polysilicon layer is 400 A to 
800 A in thickness. 


